In Brazil there are several records of parasitic nematodes of fish with zoonotic potential, especially those belonging to the family Anisakidae. This study considers the morphology, morphometry and prevalence of Contracaecum in Astronotus ocellatus, fish consumed in the Amazon and sold as ornamental and it also performs a retrospective analysis of the diversity of fish with larvae of Contracaecum, in studies carried out in Brazil over a period of 90 years. 40 specimens of A. ocellatus were necropsied, and the nematodes were collected and fixed in 93 parts 70% ethyl alcohol, 5 parts formaldehyde, and 2 parts glacial acetic acid (AFA) for morphological analysis under light microscopy and scanning electron microscopy. Of the 40 fish collected during this work, 27 were parasitized by Contracaecum larvae with a total intensity of 150 larvae. Retrospective analysis of intermediate host diversity for Contracaecum larvae resulted in 16 orders, 49 families, 96 genera, 140 species and a hybrid morphotype. In the retrospective study, half of the fish were from freshwater, with the order Perciformes being the most representative, with 16 families, 30 genera and 37 species. In Brazil, the occurrence of larvae of Contracaecum in fish was reported in 15 of the 26 states, with Rio de Janeiro presenting the most information regarding fish harboring Contracaecum larvae.
Introduction
Astronotus ocellatus (Agassiz, 1831) (Cichliformes: Cichlidae) is a species native to the Amazon basin. Its culture was stimulated in the 1930s by governmental policies aimed at establishing this species in the South and Southeast river basins of the country (FONTENELE & NEPOMUCENO, 1983) , due its their economic value (AZEVEDO et al., 2007) and trophic plasticity (FIROUZBAKHSH et al., 2011) .
Fish consumption is a good option for healthy eating, but consumption of raw or cold-smoked fish combined with deficient sanitary quality may make fish consumption a public health problem , since Amazonian fish have a large parasitic fauna. In Brazil, there are several records of the Anisakidae and Raphidascarididae families in marine fish, with parasites possessing zoonotic potential (FONTENELLE et al., 2013) . Considering the great representativeness of the Anisakidae family in commercially important fish in Brazil, the Ministério da Saúde in 2010 classified the biological risk of Anisakidae infection as belonging to Risk Class 2, since they are parasites with moderate risk and limited risk of transmission (BRASIL, 2010) . Infections by Anisakidae larvae result in a combination of two factors: direct action of larvae during tissue invasion and interactions between the host's immune system and the substances released by the parasite or the host's immune response to its presence (UBEIRA et al., 2000) .
Although there are many studies related to larvae of the family Anisakidae in marine fish, the occurrence, data on the prevalence and morphology of larvae of this family in freshwater fish are still scarce, when compared to the numbers of freshwater environments and diversity of fish present in these habitats, distributed in the different states of Brazil. The objective of this study is to characterize the morphology, morphometry, biogeography and prevalence of nematoda Anisakidae in A. ocellatus, commercialized in the municipality of Santarém, Pará, in the Brazilian Amazon, in addition to gathering and analyzing retrospective data on the Brazilian ichthyofauna that hosts larvae of Contracaecum sp.
Materials and Methods
Forty A. ocellatus [total length 19-29 (23) cm; weight 175-514 (354) g] specimens were obtained. Fish were captured by artisanal fishermen in Tapajós river in the municipality of Santarém (2°26'22"S: 54°41'55'W'), Pará State (Fig. 1) . The fish were transported in an isothermal box to the Laboratório de Histologia e Embriologia Animal, Instituto de Saúde e Produção Animal, Universidade Federal do Rural da Amazônia, City of Belém for necropsy. After biometric analyses, the animals were necropsied for helminths. The digestive tract of each specimen was isolated in a Petri dish containing physiological solution and analyzed using stereomicroscope (LEICA-ES2). The nematode larvae found dead were fixed in AFA solution (93 parts 70% ethyl alcohol, 5 parts formaldehyde, and 2 parts glacial acetic acid), stored at room temperature. For morphological and morphometric analysis ten larvae were dehydrated in an ethanol series, clarified with lactophenol, placed on a microscope slide under a coverslip as a temporary mount, observed using a light microscope, and photographed using a LEICA DM2500 microscope with an imaging capture system. Measurements are shown in micrometers as the mean followed by the range, or as otherwise indicated. Taxonomic classification of nematodes was in accordance with Moravec (1998) , Timi et al. (2001) , Felizardo et al. (2009), and Fonseca et al. (2016) .
For scanning electron microscopy, six larvae were washed in phosphate-buffered saline (pH 7.0), post-fixed in 1% osmium tetroxide, dehydrated to the critical point of CO 2 , metalized with gold-palladium, and analyzed with the VEGA 3 LMU/TESCAN scanning electron microscope at the Laboratório de Microscópia Eletrônica de Varredura, Instituto da Saúde e Produção Animal -Universidade Federal Rural da Amazônia -UFRA, state of Pará, Brazil. The ecological indexes of parasitism were used according to Bush et al. (1997) and Bautista-Hernández et al. (2015) . A review was made of the occurrence of Contracaecum larvae in different hosts present in the Brazilian ichthyofauna by means of databases, and the available results are shown in Table 1 .
Results
A total of 150 nematodes were recovered from A. ocellatus showing prevalence: 67.5% (27/40), mean intensity: 5.5, mean abundance: 3.7 and amplitude: 1 to 15 nematodes per fish. All specimens collected showed characteristics compatible with third stage larvae of Contracaecum sp. (Nematoda: Anisakidae). The parasites were encysted in the intestinal serosa and mesentery. The morphological and morphometric characteristics of the third-stage larvae of Contracaecum are presented below.
Contracaecum Railliet & Henry, 1912 Contracaecum sp. (third-stage larvae) (Figs. 2 and 3) (Description based on ten larvae) Medium-sized nematodes, measuring 14 mm (11-16 mm) in length, maximum width at ventriculus 451 (367-533), opaque-white when alive. Transversely striated cuticle present and more distinct at the extremities of the body, with anterior region interrupted by a short, lateral line (Figures 2a, 3a) . Cephalic extremity rounded with a small, ventral cuticular tooth, 4 submedian cephalic papillae surrounding the small, transverse oval oral aperture; three poorly-developed lips (Figures 2b, 3b, c) . Excretory pore situated below the ventral cephalic tooth (Figure 3b ring positioned at 283 (260-313) from the anterior extremity ( Figure 2b ). Deirids were observed only by SEM (Figure 3c ). Long intestinal caecum, extending anteriorly to the nerve ring, measuring 1.2 (1-1.5mm) × 145 (120-167) (Figure 2a ). The length ratio of the caecum and ventricular appendix is 30% (20-40%). Genital primordium is indistinct positioned at 4 (3-5mm) from the anterior extremity. Rectum is a short hyaline tube; 3 small, unicellular rectal glands are present measuring 134 (110-233) (Figure 2d, 3e Moravec (1998) , Azevedo et al. (2007; 2010; 2011 ), Eiras et al. (2010 , Luque et al. (2011) , Neves et al. (2013) , Tavares abbreviations: Host species are given followed by their predominant habitat (MAR = marine, FW = freshwater or BW = brackish water); b abbreviations: Site of the infection; when possibe these are grouped (AC = abdominal cavity; BC = body cavity; CO = coelom; G = Guts; GI = gills; GO = gonods; GB = gall baldder; H = heart; HC = hepatic capsule; IN = intestine; IC = intestinal cecum; LI = liver; ME = mesenteries; Mu = muscle; SB = swimming bladder; PC = pyloric caeca; PE = peritôneo; ST = stomach; SV = spiral valve; KI = Kidney; GS = gastric serosa; NS = not specified); Vicente et al. (1985) , Moravec (1998) abbreviations: Host species are given followed by their predominant habitat (MAR = marine, FW = freshwater or BW = brackish water); b abbreviations: Site of the infection; when possibe these are grouped (AC = abdominal cavity; BC = body cavity; CO = coelom; G = Guts; GI = gills; GO = gonods; GB = gall baldder; H = heart; HC = hepatic capsule; IN = intestine; IC = intestinal cecum; LI = liver; ME = mesenteries; Mu = muscle; SB = swimming bladder; PC = pyloric caeca; PE = peritôneo; ST = stomach; SV = spiral valve; KI = Kidney; GS = gastric serosa; NS = not specified); Fábio (1982) , Vicente et al. (1985) , Weiblen & Brandão (1992) , Moravec et al. (1993) , Moravec (1998) abbreviations: Host species are given followed by their predominant habitat (MAR = marine, FW = freshwater or BW = brackish water); b abbreviations: Site of the infection; when possibe these are grouped (AC = abdominal cavity; BC = body cavity; CO = coelom; G = Guts; GI = gills; GO = gonods; GB = gall baldder; H = heart; HC = hepatic capsule; IN = intestine; IC = intestinal cecum; LI = liver; ME = mesenteries; Mu = muscle; SB = swimming bladder; PC = pyloric caeca; PE = peritôneo; ST = stomach; SV = spiral valve; KI = Kidney; GS = gastric serosa; NS = not specified); abbreviations: Host species are given followed by their predominant habitat (MAR = marine, FW = freshwater or BW = brackish water); b abbreviations: Site of the infection; when possibe these are grouped (AC = abdominal cavity; BC = body cavity; CO = coelom; G = Guts; GI = gills; GO = gonods; GB = gall baldder; H = heart; HC = hepatic capsule; IN = intestine; IC = intestinal cecum; LI = liver; ME = mesenteries; Mu = muscle; SB = swimming bladder; PC = pyloric caeca; PE = peritôneo; ST = stomach; SV = spiral valve; KI = Kidney; GS = gastric serosa; NS = not specified); abbreviations: Host species are given followed by their predominant habitat (MAR = marine, FW = freshwater or BW = brackish water); b abbreviations: Site of the infection; when possibe these are grouped (AC = abdominal cavity; BC = body cavity; CO = coelom; G = Guts; GI = gills; GO = gonods; GB = gall baldder; H = heart; HC = hepatic capsule; IN = intestine; IC = intestinal cecum; LI = liver; ME = mesenteries; Mu = muscle; SB = swimming bladder; PC = pyloric caeca; PE = peritôneo; ST = stomach; SV = spiral valve; KI = Kidney; GS = gastric serosa; NS = not specified); abbreviations: Host species are given followed by their predominant habitat (MAR = marine, FW = freshwater or BW = brackish water); b abbreviations: Site of the infection; when possibe these are grouped (AC = abdominal cavity; BC = body cavity; CO = coelom; G = Guts; GI = gills; GO = gonods; GB = gall baldder; H = heart; HC = hepatic capsule; IN = intestine; IC = intestinal cecum; LI = liver; ME = mesenteries; Mu = muscle; SB = swimming bladder; PC = pyloric caeca; PE = peritôneo; ST = stomach; SV = spiral valve; KI = Kidney; GS = gastric serosa; NS = not specified); The biogeographical study of fish species presents in the Brazilian ichthyofauna that are reported as intermediate hosts of Contracaecum larvae are presented in a retrospective study obtained in articles published in Brazil between 1928 and 2018. This study identified 16 Orders (Cichliformes, Perciformes, Characiformes, Siluriformes, Tetraodontiformes, Carcharhiniformes, Clupeiformes, Scorpaeniformes, Gymnotiformes, Gadiformes, Lophiiformes, Ophidiiformes, Pleuronectiformes, Rajiformes, Hexanchiformes, Squatiniformes); 49 families; 96 genera, 140 species and morphotypeg "Patinga" hybrid, which is the result of interspecific hybridisation between a female (F1) of Piaractus mesopotamicus and male (M1) of Piaractus brachypomus, all distributed in three aquatic habitats (Fig. 4) . Freshwater fish was the most prevalent, with 56% of the fish of this environment parasitized by Contracaecum larvae, followed by marine fish (25%) and estuarine fish (19%).
The fish of the order Perciformes were the most representative in number of families, while the order Characiformes showed the greatest richness of species that are intermediate hosts of Contracaecum larvae. The order Cichliformes although it showed low diversity in providing hosts, demonstrated its importance by including genera of great economic value to the Amazon region such as Astronotus, Cichla, Crenicichla and Geophagus. In relation to the diversity of hosts and available information, the State of Rio de Janeiro appears first in the number of fishes recorded as having larvae of Anisakidae, followed respectively by the states of Paraná and São Paulo; additionally, these larvae are distributed in another 12 Brazilians states. Among the species with the highest number of scientific records of parasitism by larvae of Contracaecum the piscivorous species, Hoplias malabaricus is the one most cited, besides the species Geophagus brasiliensis and A. ocellatus, the species used in this study, with the mesentery and intestinal serosa being the main sites of infection of this parasite with 52% and 27% respectively (Table 1 and 2). 
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Discussion
The nematode found parasitizing the intestine and mesentery of A. ocellatus of the municipality of Santarém, state of Pará has characteristics similar to the Contracaecum genus, including an oesophagus with small ventricle, ventricular appendix, caecum that extends anteriorly to the nerve ring, an excretory pore opening at the head end slightly posterior to the larval tooth at the base of the ventral lip, oval and transversal buccal opening, surrounded by three lips. According to Moravec (1998) , Timi et al. (2001) , Felizardo et al. (2009) and Fonseca et al. (2016) these are important characteristics for diagnosing nematodes in the Anisakidae (Skrjabin & Karokhin, 1945) included Contracaecum (Railliet & Henry, 1912) .
The Contracaecum larvae parasites of A. ocellatus present morphological and morphometric similarities with the other described larvae parasitizing different hosts in Brazil; however, we do not consider it appropriate to morphologically and morphometrically the classify larvae found in this work as morphotype I, II as suggested by Moravec et al. (1993) . We corroborate Moravec (1998), Moravec et al. (2016) in affirming that the systematics of Contracaecum fish parasites have been based on the morphology of the adult; while systematics of the larvae remains undeveloped, which makes it impossible to attribute more specific taxonomic levels to the larval forms. Morphological and morphometric data on the third-stage larvae Contracaecum parasite of A. ocellatus of the municipality of Santarém are compared to the morphometric data of larvae harvested from different hosts in Brazil in Table 2 .
Although this is the first record of the prevalence, morphology and morphometry of Contracaecum larvae in the municipality of Santarém, state of Pará in A. ocellatus, a fish of ornamental and food importance in the region, other authors such as Moravec (1998), Azevedo et al. (2007; 2010; 2011) and Luque et al. (2011) have already reported the occurrence of this genus parasitizing A. ocellatus introduced in different localities of Brazil.
Astronotus ocellatus from the Tapajós river in Santarém-PA presented a prevalence of 67.5% of infection, and a total infection intensity of 150 larvae of Contracaecum encysted in the intestinal serosa and mesentery. Azevedo et al. (2007; 2010; 2011) reported the occurrence of Contracaecum larvae parasitizing A. ocellatus introduced in the Rio Guandu in the State of Rio de Janeiro, with a prevalence of 2.8%. Latini & Petrere (2004) and Azevedo et al. (2007) state that introduction of exotic fish into new habitats may cause changes in the composition of the local fish fauna to the point of altering the ecological flow, modifying reproduction, growth and development in local species, reducing the abundance of young individuals and parental cross-breeding, all leading to a reduction in the genetic and population biodiversity of some species. These factors influence the parasitic microbiota of native fish, introducing parasites previously not found in these habitats.
For the northern region of Brazil, there are few reports of the occurrence of Contracaecum larvae in commercially important fish, especially the Cichlidae family, since the family is very diverse in the Amazonian biome. For A. ocellatus in the northern region, only the works of Neves et al. (2013) , Tavares-Dias et al. (2014) , Bittencourt et al. (2014) and Tavares-Dias & Neves (2017) have reported the occurrence and prevalence of parasitism by Contracaecum larvae in the states of Amapá and Amazonas, but the prevalence of A. ocellatus infection observed in this study stands out when compared to other states of northern Brazil. Table 3 presents the studies that reported the occurrence and prevalence of Contracaecum larvae in the Amazonian biome in the last 10 years.
In this study the level of parasitic infection of A. ocellatus (67.5%) by Contracaecum sp. was high, while other authors reported parasitism by Contracaecum sp. in different hosts in the Brazilian Amazon region. Salgado (2011) showed a prevalence of 17.5% of Contracaecum sp. in Cichla spp. commercialized in southeastern Pará; Benigno et al. (2012) , analysed Hoplerythrinus unitaeniatus (Spix & Agassiz, 1829) , Hoplias malabaricus (Bloch, 1794) and Pygocentrus nattereri Kner, 1858, species consumed on the island of Marajó and reported a prevalence of 34.31%, 41.35% and 58.42% by Contracaecum larvae, in addition to the occurrence of coinfection with other nematodes. Rodrigues et al. (2015) reported Contracaecum larvae in 5 different species of fish from the northeast of Pará, with prevalence of 60% in the municipality of Colares and 40% in Vigia municipality, both in the State of Pará.
Of the 26 Brazilian States and the federal district, the occurrence of Contracaecum larvae was recorded in 15 states. Although the highest prevalence of occurrence is in the studies of freshwater fish, the State of Rio de Janeiro appears first in the number of records in the literature for of Anisakidae larvae, primarily in marine fish. Pavanelli et al. (2013) , warn about parasite diversity in fish, reporting that less than 25% of the Brazilian ichthyofauna have been studied in order to learn about their parasitic fauna, with the Amazon region and Paraná basin the important areas in generating of research into parasites of aquatic organisms, while other regions of Brazil remain as a vast field to be explored.
This work contributes new quantitative data on infections by Contracaecum larvae, informing the population of the occurrence of this parasite in 16 orders, 49 family, 96 genera, 140 species and Patinga hybrid of fish, with the ichthyofauna of the freshwater environment being the ones most cited as intermediate hosts for this genus. According to Pavanelli et al. (2015) , the genus Contracaecum has a wide geographic distribution and has been observed in wild fish and in culture systems, having been found parasitizing more than 70 species of fish in almost all regions of the country. For Agostinho et al. (2005) in Brazil, the number of fish in continental aquatic ecosystems is still imprecise and difficult to estimate, especially because of the number of unregulated watersheds, infrastructure required for sampling, dispersal information or often difficult to access, and the need for taxonomic revision for several groups.
Hoplias malabaricus, Geophagus brasiliensis and Astronotus ocellatus, the species used in herein are generally carnivorous (FROESE & PAULY, 2018) . H. malabaricus and A. ocellatus are preferentially piscivorous as adults, but feed on plankton, crustaceans, insects and seeds as juveniles (SANTOS et al., 2006; FROESE & PAULY, 2018) . Micro-crustaceans are the first intermediate hosts and fish act as second intermediate hosts or as paratenic hosts of Contracaecum larvae, while piscivorous birds are the definitive hosts MORAVEC, 2009) .
The species of the orders Perciformes and Characiformes were the most cited as intermediate hosts of Contracaecum larvae. Takemoto & Lizama (2010) noted the low host specificity for nematodes, especially in the larval stage. Parasitism in these two orders, in addition to the order Cichliformes, is important because they harbor that are widely consumed in the northern region, such as apaiari (A. ocellatus), tucunaré (Cichla spp.), pescada branca (Plagioscion squamosissimus), pescada (Macrodon ancylodon), lambarí (Astyanax spp.), Piau (Leporinus spp.), as well as fish of high importance for the Brazilian aquaculture sector, such as pacu (Piaractus mesopotamicus), pirapitinga (Piaractus brachypomus), matrinxã (Brycon spp.), Curimbata (Prochilodus spp.), and other species, which are commercialized as ornamental fish or are important elements in the ecological flow of Amazonian aquatic environments, even though they are not consumed by the Brazilian population, especially in the northern region.
Conclusions
The morphological, morphometric, biogeographic and prevalence data of the Contracaecum larvae provided here are important because they reinforce A. ocellatus as the intermediate host of this nematode. In addition to the aquariophilic value of A. ocellatus that is important to the Amazonian region as a source of foreign exchange, this fish is part of the food base for riverside populations, and is also consumed by other animals that live on the banks of the Tapajós river, and are therefore potential intermediate or definitive hosts of this parasite, either by completing the cycle or by increasing its geographical distribution.
